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EXECUTIVE SUMMARY

We implemented the sixfill year of thenewnorthern Idaho ground squirrel (NIDGS) loteggm
populaion monitoring strategy in 2@ The sampling frame consistedtbe originall, 757 100m

x 100-m grid cellsacross ocupied habitatplus an additiona833grid cells from a newly created
stratum of cellsWe conducted linéransect distance swysin 1,120 cells and recorded, 720
NIDGS at635cells 67%). From these data program DISTANCE estimated a densy86f
squirrels/haand a total population size 8193 squirrels (95% CI11,990i 2,429). We poststratified
data based on relative dengihigher lower, or unknown, with resultingdensities 00.97
squirrelgha in stratum ,10.60 squirrels/ha in stratum 2, al@d72 squirrels/ha irthe newly created
stratum 3. Correspondingnadjusted population sizegrel,326, 233, and602, respectivet. Our
adjusted index toverallabundancevas 2960 NIDGS. We compared the-year change in
population estimates between 2@ihd 208 in 3 ways:from the DISTANCE analyses stirvey
data fromall 3 stratafrom DISTANCE analysis 0500coregrid cellsintended to be surveyed
every yearand from a paiwise comparison of the 500 core cellse population estimates were
essentially the same for theyBar periodWe explored severanvironmental variablesncluding
tree canopy covegspectheat loadndex, soil properties, amoximity to nearessquirre| assite
covariatesn occupancy modeling with program PRENCE.The most parsimonious model
includedproximity to nearest squirrdiee canopy covegnd southerly aspect, with constant
probabilityof detection across visit§Ve applied tis modelto the full2,590cell sampling framéo
generateestimates obccupancyacross occupied habitatlmost half of cells in our expanded
sampling frame had >75% probability of being occupied, a similar nuaileells had <50%
probability of being occupied, and only 4% of cells had O probabi conductegresence
surveys ap sites where no grid cells were selectedsurveysand 6 sites discovered in 2018. We
conducted exploratory survegsrossl,540haoutside of known sites to determine if sites were still
extant ando document dispersal into new or treated ardésdetected 246 squirrels at 12
locations between or adjacent to known occupied areas.
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INTRODUCTION

The northern Idaho ground squir(elrocitellus brunnes) is a rare, endemic mammal whose
currently knowndistribution is limited to a 2 km x 37 km area in Adams County and a single
disjunct population within a Bm x 4 km area of Valley Countiy westcentral IdahoWithin this
rangenorthern Idaho ground squirrelsINGS) occur at ~60ocationswithin an elevabnal range

of 1,050 2,300 m. Occupied sites agaite variable in siz€l to >100 hapnd density of squirrels
(Wagner and Evans Mack 201Zypical habitat includedry montane meadows or open scablands
surrounded by ponderosa pirir{us ponderogeor Douglasfir (Pseudotsuga menzigdiorest
(Yensen 1991)

Decline of NIDGS through the 1980s and 1990s was attributed primarily to changes in habitat that
subsequentlisolated populations. Fire suppression allowed forests to encroach into meadows,
redudéng the amount of habitat available to ground squirrels and closing off dispersal corridors
(Sherman and Runge 200R)also was hypothesized thatef suppression and land conversions
resulted in poorer quality food plants that lacked the nutritionakvsdjuirrels neesdito sustain
prolonged hibernation (Sherman and Runge 2002, Yests#2018. More recentlyfleas carrying
sylvatic plaguénave been recognized as a possible threat to NIDGS populations if low levels of
enzootic plague are preventiNgDGS populations from reaching higher densi{@sldberget al.
2017, Goldberg 201 This studyfoundthat reduced flea loads on NID@&d other small
mammals resuln higher survival rateOtherthreats to NIDGS populations include competition
with the larger Columbian ground squirrélrocitellus columbianu}, loss of habitat to
development, and shooting (USDI Fish and Wildlife Service 2003). Natural preshaiode

badger Taxidea taxuy red fox {ulpes fulvy, coyote Canis latran$, and diurnataptors.

The NDGS was federally listed as Threatened in 2000 and a recovery plan completed in 2003
(USDI Fish and Wildlife Service 2003Recovery criteriancorporate numericand geographic
goals, includingverall dfective population size >5,00@ stable or increasingopulation trend

ove 5 yearsand sufficient distributioacross the range to maintain secure;sadtaining
metapopulationsThus, in addition to monitoring changesowerallpopulation sizethere is a aed

to track populatiosize and trend at several scales, including over the entire range, ngitbirery
area, andat themetapopulatiotevel.

In 2014we implemented a nevong-term monitoring approach that combined ¢goabed line

transect distance sampling with patch o@ngy theoryEvans Mack et al. 2@). Thedistance

based samplingomponent of the designelds estimates of density and abundaiBeckland et al.
1993) providing a statistically valid, repeatable approach for estimating population size and trend
each war for a time frame of 280 yearsThe patch occupancy componénaicks spatial
occurrencéMacKenzie et al. 2006Y ogether these 2 tooddlow managers and regulatory agencies
to assess the status of NIDGS relative to population recovery go&2014 sampling frame is
intended to form the baseline for monitoring through the life of the-termg monitoring plan.

This report summarizethe 2019 field seasonwhich wasthe 6" year ofimplemening the current
long-term monitoring desigrObjectives wee to:



1) conduct systematic distance sampling on transects from a sample of units selected from the
grid-based sampling frame

2) conduct presence/absence sunaystes that were not selected for surveys under the grid
based sampling design

3) calculatepopuktionand occupancgstimates

4) compare resultacross years

STUDY AREA

The known NIDGS distribution extends
acrossAdams County from northwest of
Council north to Smith Mountain and east|
to New Meadows in the Be@irreek, Lick

Creek, Lost Creek, Weis&iver, and Mud

Us9s
£

Creek drainages. A disjunct population :

occurs in Valley Countin RoundValley 7k

(Figure 1) Thestudy areancompasses| 1 Sped dhon |

identified NIDGS sites except for those | W s
known xXxbibetde(e.g./, Van e I D

inundated by Cascade Reseryoir

\
ID55

METHODS “ g Q,u,,c,,f $ il

Sampling Frame g _
The basis for NIDGS lontgrm population st ¥y
monitoring is a sampling frame that 3 %l
consists ofLl00-m x 100m grid cells
correspondingo knownor predicted 0%G1
NIDGS occurrenceThe original sampling
frame included 1,757 giicells that Figure 1. Known occupied range (blue squares) and locatic
contained at leagt0%of modeled NIDGS  (dots) of northern Idaho ground squirrel survey sites ir9201

habitat (Evans Mackt al. 2013. In 2018

we adde®B33 new cellghat included: (1)

cells that did not meet the 40% overlap rule but occurred along the outer perimeters of currently
occupied sites, (2)atls that encompassed previously occuigels whose current statussva

unknown, (3) cells that encompassed areas where NIDGS had been discovered since 2013, (4) cells
encompassing modeled suitable habitat (Crist and Nutt 2008) widatekiar been survey,

and/or (5) cells encompassing areas that will be treated (thinnduiaretl) to create new habitat.

Of the2,5904grid cellscurrently surveyed for lorterm monitoing, 61% occur on private land,

33% on land managed by the U.S. Forest Service, andré$tateland.

30
Kilometers
Y Werser

Built into thesampling frame wastratificationinitially based on NIDG&bundanceThe original
1,757grid cels wereassigned to eithetratum 1 o stratum 2 according to the NIDGS sitewhich



the cell occurredl h e

t e r mrs i a lochlieedl gepgeaphec area of occupied habitat. Sites are

variable in size and typically defined by an open meadow surrounded by unsuitable habitat (e.g.,
forest). Sites were the framework for monitoring changes in NIDGS abundadagstribution
prior to 2013 In general we defined stratum 1 as those sites where >10 squirrels had been detected

in any yeaduring 20102013 Strat um 2

encompassed
squirrels had been observ&lratum 3 was not based on abundaitowas designed to allow for

S i

expansion of the sampling frame over tinsenaw areas are identified to be surveyed.

Annual Surveys

Each yeardés survey is bas

bodlo sa@pR A

r ot aAdshan

randomly selected grid cells that was established in 2014
for the orginal strata 1 and,2nd modifiedn 2018for

the newly created stratum 3. Across the 3 strata
approximately 1,197 cells aseirveyed each yearhis
includesa core sample of 500 cefitom strata 1 and 2 that
are surveyeevery yearand a rotating grquof ~700cells
thatchanges each yeéFfigure2). All 2,590cells are

Stratum 1 & 2

Panel 2 (n=419)

Panel 3 (n=419)

Panel 4 (n=419)
Stratum 3

Panel 1 (n=500; core sample)

1-500
501-919
920-1338
13391757

visited within 3 years. This approach is a compromise

between sampling the same grid cells every year, which
should give the earliest indications of trends in abundang
and wanting tensure that all sites are represented in the
long-term assessment of trends. We assigned grid cells t
a panel accor di rihgspatially t hei
balancedquatprobability sampling procedure Balanced
Acceptance Sampling (BAS; Robertson et all20We

retained the original BAS ranking for strata 1 and 2, and
conducted a separate BAS ranking for the new stratum

Figure 2. Rotating panel design for determining grid cells ta
surveyel in successive years (blue highlighted rows) as pa
northern Idaho ground squirrel lotgrm population monitoring

Panel 1 (n=278) 1-278
Panel 2 (n=277) 279-555
Panel 3 (n=278) 556-833
2020 Sample BAS rank
Stratum 1 & 2
Panel 1 (n=500; core sample) 1-500
Panel 2 (n=419) 501-919
Panel 3 (n=419) 9201338
D Panel 4 (n=419) 13391757
Csy@nfzankd from
Panel 1 (n=278) 1-278
Panel 2 (n=277) 279¢ 555
Panel 3 (n=278) 556- 833
2021 Sample BAS rank
| Stratum 1 & 2
Panel 1 (n=500; core sample) 1-500
Panel 2 (n=419) 501-919
Panel 3 (n=419) 920- 1338
Panel 4 (n=419) 1339- 1757
Stratum 3
Panel 1 (n=278) 1-278
Panel 2 (n=277) 279¢ 555
Panel 3 (n=278) 556- 833

Line-Transect DistanceBased Surveys

Each grid cell contained 2 parallel, ndrslouth, 106m transect lines positioned 50 m epnd 25
m from the edge of the cell (Figure 3). To keep-liramsect sampling aligned with the overarching

patch occupancy framework and to increase survey independence with regardii@s such

as weat her conditions and

ti me

e s

g

o f (MheKgnzie el e

al. 2006) We walked 1 line on the™isit and the other line on th8%isit. In cases where a line
was not walkable (private property, water, dense vaga)athe f'line wassurveyed twice.

kno

ma d



Cells within the same geographic area generally
were surveyed on the same d@le surveyed all
selected cells the same way regardless of stratum.

In 2019 we added a'3visit to a subset ofrid

cells. We prioritzed cells that occurred in sites or
subsitesvhere no NIDGS detections had been
made on either visits 1 or e also included
Aicontrol o cells in which
confirmed in either visit 1 or 2Ve selected 1 of
the 100m transectsvithin each gd cell to survey
and in most cases conducted the suafésr pups
had emerged to increase opportunitgdcument
the cell as occupied. Squirrels observed on tfis 3
survey were included ianalyses for occupancy
but not forpopulation estimates

Coomdinates for start and end poimtstransect

lines in all selected cells were uploaded from

Ar c Ma p B (ESRI® 20%4) to handheld

Global Positioning System (GPS) unfor

navigation in the fieldFor each initial NIDGS

B detection (visual or aural), weaarded

- . i perpendicular distapce from the .Iine, group size,
Grid Transect Of and marked the point dhe line with a handheld

g [ | selectedorsuneys 2010 sirele 1 5288 GPS Prior to the first survey all crew members
[ ] selected for Surveys 2019 (Stratum 3) ) i K k i
| b [] Not Selected for Surveys 2019 w8 practiced distance estimations along a mock
transect line wh stakes at various distances.

Figure 3. Portion of 20sampling frame with 10@n

x 100-m grid cells, cells selected for surveys, and 2 o o
parallel 106m long trasect lines per cell Surveysfollowed existing protocols for optimizing

detections (e.g., time of season, time of day, and
weather Evans Mack 206) and site visits were scheduled to coincide with spring emergence when
squirrels were particularly active and before vegatatad growm to obscure thenT.he majority of
surveys were conducted before pup emergence to standardize all surveys for the auhgjt/yearl
portion of the populatiorA survey was canceled, discounted, and repeated in full at another time if
interrupted by weatherr@dator presence, or other facttitat createdub-optimal survey
conditions.Columbian ground squirreisere recorded on surveiysthe same way dsIDGS.

PresencéExploratory Visits

Adding new grid cell$o createstratum 3 greatly reduced the numb&knownsites thatiad no

grid cells selected for surveystnhi s y e alhdwe wampl some areas wer e
2019 selection processo we conductediformal surveys to document presence. We also included
areasvhereNIDGS had been dettedduring 2018 exploratory surveybhe IDFG crew attempted



to visiteach site br 2 timesto establish their status. Observers walked through a site or observed
from a stationary point for approximatelyiB® minutes. Squirrels detected visually anchtiy

were markedvith GPS and the site was considered occupied. None of the individuals detected on
these visits were included in analyses of population $aalso conducted exploratory surveys to
gain a better understanding of NIDGS occurrence angedsal corridors within the known
distribution. Wetargeted habitdtetween or adjacent to known occupliecationswhere we

thought squirrels could have expanded into.

Analyses

Abundance

We analyzed lingransect survegata with progranDISTANCE v72 (Thomas et al2010. We

defined the area of inference3590ha, corresponding to thedjusted sampling franfeom which

our survey sample was drafh757 cells in strata 1 and 2 plus 833 cells in the newly created
stratum 3)We used a 5% truncationdi, the distance corresponding to the last 5% of the
observations, ordered from smallest to greatest distance from the line) to reduce outlier effects on
model estimates (Buckland et al. 1993). Observations were trurat@®@c. We defined a model

to esimate density using a global detection probabditylencounter rate, arglobaldensity based

on clustered observationg/e examinedhalf normal, hazard rate, and unifoastimatorsall using

the cosine series expansion. Model selection was based onkAkad s | nf or mat i on Cr
Measures of precision and confidence intervadseobtained by bootstrapping the original sample

of units (Manly 1997using the bootstraprocedure within program DISTANC&hdspecifying
999replicates.

We subsequenglran asecondseparate analysis of the data using stratum as a \&rstimaed
encounter rate and density by stratum, detection probability and cluster size for all data combined,
and a pooled estimate of density from aneaghted stratum estimatell other model

specifications were the same as described above for the entire data set.

Estimates of population size from program DISTAN@#&vide an index to abundance. Distance

based lindransect sampling takes into account that some animalbewitiissed on surveys, but it

al so assumes that all i ndi v iddtectoh. Somaunknownav ai | a
number of squirrels will be underground during NIDGS4irensect surveys and not available to be
counted. We adjusted estimatdégopulation size from program DISTANGEpward by a factor of

1.35to obtain an approximatdbundanceThis adjustmenfactorwas calculatedrom a comparison

of abundance estimates from htransect surveys and mamkcapture at 10 sites in 20(Wagner

and Evans Mack 2016Yhe comparison showed thaB5 squirrelsverepresent for every squirrel

detected on a survey

Population Change

We compared the-fear change in population estimates (2018 to 2019) in several ways. First, we
looked at population émates from program DISTANCE for &lstrata each year. Even though the
collection of strata 1, 2, and 3 cells we surveyed differed between years, each group of cells had
been selected with a sampling procedure that incorporated spatial balance shdtldibea




representative sample of the target populati@ra tightercomparison we ran DISTANCE

analyses on just the 500 core grid cells that are surveyed every year {rad@grbm the BAS
sampling procedure, strata 1 and 2 only). Lastly, we cdadwccekto-cell analysis (pairetites)

with the core 462 grid cells surveyed in both years (32 of the 500 cells were not surveyed in 2019
due to limited access and a separate 6 cells were not surveyed inRZI8)ongeiterm look at
population trgectory, we plotted the annual abundance estimates from program DISTANCE for
strata 1 and 2 only for the past 6 years.

NIDGS Distribution Occupancy

We analyzed lindransect survey data with program PRESENQH?2.37 (Hines2006) to predict
occupancyacross our baseline grid of NIDGS habite occupancy analysis was based on the
samedatasetdrid cellg analyzed with program DISTANCE, but also included #mrd visits to
transect linesSomedetectionsnadefrom within a grid cell were of NIDGSrgups beyond the cell
boundaryWe removed thesdetectiongrom the occupancy analysis rather thafassign the
detection to the appropriate cell. Our rationale was that the sampling design was intended to
estimate occupancy based on detections withih ealt following linetransect sampling, not to use
any available datatclaim a cell as occupidtd. McDonald, pers. comm.)

We continued to explorenvironmental variables to use as covariates in our occupancy analyses
and methods to aggregate thoseables within each grid cell. We examireedeasure of tree
canopy coverpreponderance of soufhcing aspects, heat load index, bulk density of soil, soil
depthto restrictive layerandproximity to other squirred. Data sources are summarized in
Appendix A. For soil covariates and proximity, we measwatlies aknownsquirrel locations

from the past 3 yea¥2017 2019)within each cell. For heat load, tree canopy cover, and southerly
aspects, we averaged valueshivia 108m neighborhood a$quirre locations. We took the

average covariate value from eaamplepoint within agrid cell togenerate a mean covariate
value for each celFor cells with no detectionsve used the center point of each of the 2 survey
transects in each grid cell to exdr@ovariate valuedVe standardized most covariate values with a
Z transformation (Donovan and Hines 2007).

We used t he gogpioimgdekén PRESENCENdcompared0 modelsbased on our
covariatesThe base model was a simple maoagdumig singleprobabiliiesof occupancy and
detectionacross all siteA second reference model assumed a single probability of occupancy but
varying detection probability across visi¥e examined models usingombinations of
environmentasite covariatewith a single probabilitypf detection across visitdlodel selection

was based on Akai ke ds Measures of precisionamd cddfidenteantervalsn
were obtained by bootstrapping the original sample of units (Manly 1997) using te&dqmot
procedure within prograRESENCEWe appl i ed the Obestdéd model
expanded sampling frame, using covariate values to predict probability of occupancy for the cells
we did not survey this year.

Although our covariate dataas extracted from a different suite of points in 2019 compared with
2018, the variables themselves and the methods we used to summarize each covargid at the



cell level were the sam&hus, we explored howell the 2018modeledprobability of occupacy
estimategWagner and Evans Mack 201&)gned with our survey results in 2018.other words,
we used 2019 survey results to informally validate the 2018 mbketsed all NIDGS detections
for this analysis (distandeased surveys, preseinaebsencelgveys, incidental observations, and
exploratory surveys) and assigned detections to the appropriate grithceknalysis was limited
to the 1,120 cells (of the 2,5%2@Il sampling frame) surveyed in 2019.

With the 2019 surveys, we completed 2 folinds of the-year rotatingsampling scheme

allowing us tocompareoccurrence and distrition of NIDGS across strata 1 and 2 during 2014

2016 with 2017 2019. This overview was intended to satisfy our curiosity about changes in the
distribution of NIDGSduring the lasé years.As above, we included adictual locations of NIDGS

from line-transect surveysletections from preseric&sence surveysr other incidentals if we had
identified the grid cell in the fieldVe did not use PRESENCE to analyaesedata.We calculated

naive occupancy rates from all years combined for all 1,757icedtsata 1 and and for the core

500 cells surveyed every year. Using only the core 500, we determined if there were any cells that
had detections at the beginninftlee new study design in 2014, but nothing since. We also looked
at possible new areas where we had detections @ BOLnot in the years prior.

RESULTS

Distance Sampling and Analysis

Of the 1,19 cells selected for sueys in 209 across all strata&6were not surveyed because of
access issues (lack of landowner permission).maerity of surveys were completed betwe2n
April and 2 Jly 2019. The 1,120 cells analyzedepresented 2240 km of effort. We recorded
1,678 groups of NIDGS (representi 1,720individuals) at635of these 1120 cells 67%).

From these data program DISTANCE estimated a detection probability3fa0dénsity of @5
squirrels/ha, and a total population siz&df3 squirrels Table ). Based on AICc, modd!from
thehazard ratset of models was significantly better than the next best models in theohaial
anduniform sets. We used that sindiazard ratéo estimate density and population size. We
detected up t8 squirrels together, but most detections werargjls aninals. Average group size

was 1.@ squirrels.Detection probabilityaccounted foR2% of the variation in the density estimate,
whereagncounter rataccounted fo77% and cluster sizaccounted for 1%Applying a correction
factor of 1.35 to th®ISTANCE-estimated population size yielded an adjusted index to abundance
of 2960 NIDGS (Table 1).

In our stratified data set there were substantially more grid cells in stratum 1 (59%), fewest in
stratum 2 (17%), and 24% in stratum 3 (Table 2). Corradipgly, most (67%) of the NIDGS

detections occurred in stratum 1. The separate DISTANCE analysis using strata as a data layer
resulted in density estimates of 0.97 squirrels/ha in stratum 1, 0.60 in stratum 2, and 0.72 in stratum
3, with unadjusted poptian sizes of 1,326, 233, and 602, respectively (Table 2).



Table 1. Modeled global population parameters from program DISTANCE febgseéd line
transect distance sampling across occupied northern Idaho ground squirrel habitatenivakt

ldaho, 2Q9.
Estimate Confidence Interval

Effort (km) 223.40
# Grid cells surveyed 1,120
# Groups detected 1,678
Truncation distance (m) 60
Detection probabilityy) 0.73 0.701 0.76
Avg. group sizeE(S) 1.02 1.02i 1.03
Density D) 0.85 0.771 0.94
Population estimate\) 2,193 1,9901 2,429
Adjusted index to abundarfce 2,960

82.5% and 97.5% quantiles of bootstrap estimate

P Population estimatadjusted upwards by a factoi 1.35 based on comparison of
line-transect distanebased survey to mamecapture in 2016 (Wagner and Evans Mack 2016

Table2. Modeled population parameters from program DISTANCE for stratifiedogsed line
transect distance sampling across occupied northern Idaho ground squirrel habitaterinadst

Idaho, 209.
Stratum 1 Stratum 2 Stratum 3 Pooled
Effort (km) 131.40 38.75 53.25
# Groups detected 1,122 205 351
# Grid cells surveyed 653 195 267
Truncation distance (m) 60 60 60
Detection probabilityf) © 78.'[7"3 76)
. 1.2

Avg. groupsize E(S) (1227 1.08)

. 0.97 0.60 0.72
Density ©) (0.867 1.09) (0447 0.76) (0.60i 0.87)
% Coefficient of 594 14.92 954
variation ofD ' ' '
Population estimateN) 1,326 233 602 2,161

P (1,1807 1,484) (1727 303 (4977 725)  (1,953i 2,389




Population Abundance Trajectory

NIDGS populatiorsizeremained static in 2019 compared with 2(QI8ble 3) Based on analysis of
distancebasedsurvey data common to both years, the population estimates were essentially the
same for the ¥ear periodLikewise, hedirect celtto-cell comparisorof the 462core cells

surveyed both yeamsassimilarto DISTANCE resultsn thataverage detections per cell weia
significantly higher in 201@ompared with 2018 = 0.99 p > 0.05).

Table 3. Comparisoaf northern Idaho ground squirrel population metrics for year® aad
2018 across occupied habitat in wesintral Idaho

Method and Metrics 2019 2018
All Stratd’
# Grid cells surveyed 1,120 1,107
# Groups detected 1,678 1,641
Avg # detections/grid cell 1.50 1.48
% Grid cells wi 52% 48%

Density D)
Population estimate\]

Core grid cells (Ranks-300Y

# Grid cells

# Groupgetected

Avg # detections/grid cell
Density D)

Population estimate\j

Paired sampletest

# Core grid cells
Avg # detections/grid cell
t-statistic

p-value

0.85 (0.77 0.94)
2,193 (1,990 2,429)

468
765
1.63
0.93 (0.807 1.09)
1,630 (1,410 1,919)

462

1.64

0.99
p>0.05

0.84 (0.74 0.94)
2,173 (1,923 2,434)

462
685
1.48
0.95 (0.80 1.13)
1,667 (1,401 1,987)

462
1.54

@ Source data: Wagner and Evans Mack&®01

PResults from program DI STANCE
across &ommon area of inference.

¢ Results from progra®ISTANCE for core grid cellin strata 1 and ZBAS ranks 1500) surveyed every year
4 pairwise comparison of core cells (BAS rank00) surveyed every yegOnly 462 of the core cells were
surveyed in both 2018 & 2019.)

b Bstatdseleated feraswveysy e



Looking back 6 years, 3000
NIDGS abundance in

strata 1 and Bas been on 2500
a downward trend since l
the peak observed in 2000 |

2016 (Figure 4).
However the addition of
straum 3in 2018shows a
plateau inestimated 1000 +
overallpopulationsize
Straum 3 encompasses
areas where squirrels
have more recently been
documentedin partas a

result ofsquirrels moving

on the landscape. Figure4. Unadjusted popation estimates and 95% confidence intervals from
program DISTANCE for strata 1 and 2 only (black); strata 1, 2, and 3 shown i
blue for 2018 and 2019

1500 | !

# Squirrels
+

-
*_

500

2014 2015 2016 2017 2018 2019
Year

NIDGS Distribution (Occupancy)

After adjusting br detections made from grid cells that fell beyond the cell boundary, we detected
NIDGS in 584 of the 1120 cells surveyeavith line-transect distanebased surveygiving a naive
occupancy of &2 (i.e.,52% d grid cells were occupied, without corregifor detection

probavility). This was a slight increase over 2018 (489§ conducted 3 surveys at 158 grid

cells,111 target grid cells that had not had a detection in either visit 1 or 2, and 47 control cells. We
gained 2Zells as occupied over visill and 2.

Of the10 models compared with program PRESENG@t©dels witha constantetection

probability across visits performed better than models withfferentdetectionprobability each
visit (Table 4). Tihhee madelswere roughly equivaler{k2 units difference in AIC valugvith
substantial AIC wtin predictng whether a cell was occupied (Table 4px#mity to recent known
squirrel locations, tree canopy cover, and proportion of a grid cell with southerly aspects
contributed to the 3 most suppatteodek. The other 3 site covariates we considered (heat load
index, soil bulk densitysoil depth had little explanatory power.

Probability of detection, given a cell was occupied, was estimate88({d5% CI 0.550.62) for

eachof 3visitsTheprom bi | ity of missing a squirrel on an
have missed detecting presence on fewer than 7% of occupied sites and we detected presence on at
least 93% of occupied sitdBrobability of occupancy ranged from 1.0 at cells whee detected
squirrels to 0. We applied the Obestd model (
frame, using covariate values to predict probability of occupancy for the cells we did not survey this
year.With this modelalmost half (45%pf cells in our expanded sampling frame had >75%
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probability of being occupied, similar number of cellsad <50% probability of being occupied,
andonly 4% of cellshad O probability. These proportioase slightly better than 2018.

Table4. Comparisorof models from program PRESENCE for ghdsed line transect distance
sampling across occupied northern ldaho ground squirrel habitat kterdgsal Idaho, 204

Model AIC deltaAlC AIC wt
psi(canopy proximity, aspedt p() 2601.46 0.00 0.3838
psi(proximity), p() 2602.16 0.70 0.2705
psicanopy proximity), p(.) 2602.32 0.86 0.2497
psi(canopy proximity, soildepth, p(.) 2604.23 2.77 0.0961
psicanopy, p() 2929.80 328.34 0.0000
psi(.), p(* 2963.69 362.23 0.0000
psi(soildepth), p() 2963.96 362.50 0.0000
psi(bulkdensity, p() 2965.45 363.99 0.0000
psi(eatload, p() 2965.51 364.05 0.0000
psi(.), p(visit)® 2967.65 366.19 0.0000

@ Reference model using constant probabilities of occupancy and detection.
® Reference model using caaat probability of occupancy and probability of detectianying across visits.

The2018modekdprobability ofoccupancyestimates, which were based on a model incorporating
tree canopyover, proximity to other squirrels, and variable detection probability across visits
(Wagner and Evans Mack 2018) aligned well with 2019 surW®gsdetected at least 1 NIDGS in
70% of the grid cells with higher (>0.50) probability of being occufiiede on the 2018 model)
and NIDGS were detected in only 2 cells that had been estimated to have 0 probability of being
occupied. Likewise, 71% of cells with a lower probability of being occupied (<0.50) had no
detections in 2019.

Occupancy within our origal sampling frame (1,797 grid cells in Stratum 1 and 2) has increased
modestly from when we initiated grlshsed surveys in 201#able 5) Comparing the most recent
3-year period to the previous 3 years, numbers of cells gaining detections exceelisihgse
detections. Several annual metrics support this conclasiovell For example, in 2019 we

detected NIDGS in 103 grid cells that had no detections the 5 previous years. Comparatively, there
were only 30 cells that had been occupied in 2014 ansubsequentlyNevertheless, there also is
evidence of instability over tim@®f the core 500 grid cells which are surveyed every year, only

10% were occupieth each of thgast6 years
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Table 5.Changes in occupancy after 2 rounds ofyear rotatingpanel of surveyacross occupied
northern Idaho ground squirrel habitat in weshtral Idaho

20142016 20172019

% of cells w/ O1 detection i 52% 57%"
% of cells with O1 detectior 6% 8%"
% of core 50@&ells occupied all 3 years 18%° 28%°
# of cells in which we gained occupancy in 2019 over 201416 332
# of cells in which we lost occupancy in 2019 over 201416 245

@Based on 1,757 S1S2 grid callsrveyed
® Based on 1,742 S1S2 grid celiseyed
“Based on 500 core S1S2 grid cells surveyed

PresencéExploratory Surveys

We visited 2 knownsitesin 2019 thatdid not contain selectegtid cellsfor surveygboth in stratum

2) and revisited 6 new sit€g5 hacovered that had detections 2018to determine if NIDGS were
still present. We detected NIDGE 6 of these RCF West Lost Valley ReservoiNW, Grouse

Creek Rock Pit, East x West Branch Weiser Ri?eice Valley Privateand Tamarack Southeast)
Data from presencabsence surveysas used to determine if sites were still extant, not for annual
abundance or occupancy analyses.

We covered,,540ha of habitatluring exploratory survey$Ve detecte@21 NIDGS at several
locations between existing sites amd aroundhe OX Ranch and ithe vicinity of Fawn Creek
(Figure 5) Price Valley, Tamarack View Estates, Tamarack East, Lower Butter, Rocky Top, and
Round Valley A renewed interest in the status of NIDGS sites managed by the Bureau of Land
Management prompted us to join BLM Biologiéoel Copenhaver tsurvey 60 ha dilorth Hornet
Creek,a sitethathad been considered axtatedandhad not been surveyasithcet he | at e 19 9|
We detected pproximately25 NIDGS. We confirmed that the location was the same as reported
decades ago (Er.ensen, pers. commilespite the fact that the original site polygon was off by
several hundred meters in our spatiaiabaseWe found NIDGSacross a broader art@n the
original site delineatiorNorth Hornetoccurs athe lowest elevation andrthest south (except
Round Valley) in the NIDGS range and is approximatelkmlfrom the nearest known NIDGS at
Halfway and CottonwoodVe also assisted the Payette NF with clearance surveys for NIDGS in
the Weasel GulcRrescribed Fireréatment area in prapation for prescribed burningVe surveyed
635 hawith ONIDGS detections.
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Figure5. A portion of new occupied habitat documented between and adjacent to known northe
Idaho ground squirredites as a result of exploratory surveys in 2019
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